Choline ameliorates cardiac hypertrophy by regulating metabolic remodelling and UPRmt through SIRT3-AMPK pathway.
Cardiac hypertrophy is characterized by a shift in metabolic substrate utilization, but the molecular events underlying the metabolic remodelling remain poorly understood. We explored metabolic remodelling and mitochondrial dysfunction in cardiac hypertrophy and investigated the cardioprotective effects of choline. The experiments were conducted using a model of ventricular hypertrophy by partially banding the abdominal aorta of Sprague Dawley rats. Cardiomyocyte size and cardiac fibrosis were significantly increased in hypertrophic hearts. In vitro cardiomyocyte hypertrophy was induced by exposing neonatal rat cardiomyocytes to angiotensin II (Ang II) (10-6 M, 24 h). Choline attenuated the mito-nuclear protein imbalance and activated the mitochondrial-unfolded protein response (UPRmt) in the heart, thereby preserving the ultrastructure and function of mitochondria in the context of cardiac hypertrophy. Moreover, choline inhibited myocardial metabolic dysfunction by promoting the expression of proteins involved in ketone body and fatty acid metabolism in response to pressure overload, accompanied by the activation of sirtuin 3/AMP-activated protein kinase (SIRT3-AMPK) signalling. In vitro analyses demonstrated that SIRT3 siRNA diminished choline-mediated activation of ketone body metabolism and UPRmt, as well as inhibition of hypertrophic signals. Intriguingly, serum from choline-treated abdominal aorta banding models (where β-hydroxybutyrate was increased) attenuated Ang II-induced myocyte hypertrophy, which indicates that β-hydroxybutyrate is important for the cardioprotective effects of choline. Choline attenuated cardiac dysfunction by modulating the expression of proteins involved in ketone body and fatty acid metabolism, and induction of UPRmt; this was likely mediated by activation of the SIRT3-AMPK pathway. Taken together, these results identify SIRT3-AMPK as a key cardiac transcriptional regulator that helps orchestrate an adaptive metabolic response to cardiac stress. Choline treatment may represent a new therapeutic strategy for optimizing myocardial metabolism in the context of hypertrophy and heart failure.